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The aim of this paper is to study and investigate the performance of power 
factor correction (PFC) circuit implemented with the semi bridge-less 
configuration. The transistor-diode module APTSON60JCCU2 has been used 
in the proposed circuit and the UCC28070 controller has been used as a 
controlling device for the power factor correction (PFC) circuit. Testing has 


been performed in two steps. In the first step, the test was conducted 
on (230 Vac), while in the second step, the test was conducted on (115 Vac) 
Keywords: as alternating input voltages. The testing results of both voltages were 
: compared and analyzed in terms of efficiency, power factor, total harmonic 
Bridge-less pine Anais a . ae . 
istortion (THD) in order to determine the efficiency of the power factor 
MOSFET correction circuit. The results obtained indicate that this circuit has efficiency 
PFC up to 97% and a power factor close to 0.91 with the input voltage of 230 V. 
Total harmonic distortion 
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1. INTRODUCTION 

In practice, the controlled power converter behaves as a resistive load on the power grid, which 
improves energy quality and overall efficiency and helps meet IEC1000-3-2 harmonization standards [1]. The 
introduction of the controlled power converter will encourage better use of the grid by avoiding the harmonic 
components through the energy system [2]. As a result, energy loss is reduced and energy quality is improved. 
However, improving energy quality by using controlled power converters to reduce not only PF but also THDi, 
distributors and generators [3]. However, this topology has the following comparative disadvantages in 
medium-power applications: i) This topology has the following properties; ii) BBC has less than three 
semiconductor devices in its current path and transmission losses increase; iii) BBC IEC 1000-3-2 requires a 
TDi frequency greater than 30 kHz; and iv) the inductor is on the DC side, which requires design considerations 
to avoid the saturation [4]-[7]. 

A boost rectifier with zero-voltage switch (ZVS) pulse-width modulation (PWM) is used in [8]. In 
this rectifier all semiconductor devices are soft-switched and the main switch is used to reduce voltage and 
current. This will increase the efficiency and improves power factor, but requires additional circuitry for zero 
voltage switching and a hall effect sensor to detect the input current signal. The constant conductance boost 
converter is simple and capable of handling high power. So, this is used for the power factor correction (PFC) 
circuit. But high output voltage and current cause serious reverse recovery problem [9]. 

A bridge rectifier with diode recovery problem is presented for PFC as shown in [10]. An inductor 
with two diodes in the circuit reduces the difficulty of fixing the two devices and reduces the loss of the input, 
but it creates a large filter with the transformer thus making the current transition sensitive. A similar half- 
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bridge electronic circuit was developed for fluorescent lighting as explained in [11]. It has an advanced PFC 
and a half-bridge converter. Transmission loss is reduced in this topology. 

Two methods of reducing input noise in non-PFC converters are studied in [12]. The first method is 
based on PFC modification. In the second method we developed a normalization method to reduce the normal 
noise. For continuous conduction mode (CCM) and (discontinuous conduction mode) DCM, the performance 
improvement of bridgeless PFC conversion is done in [13]. The disadvantages of advanced PFC are that the 
DC voltage is higher than the maximum voltage, there is no difference between the input and output voltage, 
the starting current is large, there are no restrictions under stress conditions [14]. 

In terms of its application, CBP converters are widely used in modern power converter suppliers for 
telecommunications equipment, and electric vehicle chargers [15]-[18]. High power factor and high efficiency 
are the characteristics of this technology [19]. In recent years, buck—boost converter (BBC) topologies have 
been combined with an increase in DC load due to their general simplicity [20]. 

However, this converter shows a significant amount of normal mode noise in the input current, which 
requires additional components that increase the complexity of the circuit. The common mode problem is 
caused by floating, which pulsates according to the switching frequency [21]. In addition, this topology requires 
an additional inductor that increases the weight, size, and cost of the power converter [22]. 

However, this converter has typical input noise and requires additional components. The problem with 
the conventional approach is caused by the floating output ground [21]. Furthermore, it requires one inductor, 
which causes more weight, size of the converter [22]. In this paper, a rectifier with a power factor correction 
implemented with two field effect transistors (FET) for power output greater than 3 KW with various input 
voltage has been studied. The efficiency, power factor, THD of the proposed PFC were investigated. 


2. METHOD 

Figure 1 shows the proposed bridge-less rectifier for power factor output correction of more 
than 3 KW. In this configuration, the PFC coil is divided into two smaller windings and connected directly to 
the AC input. Also, two diodes (Da and Db) are connected to the PFC output ground, so that the input voltage 
no longer floats relative to ground. In this way, the PFC input voltage is corrected for sinusoid relative to 
ground, thus eliminating the problem of voltage measurement. Also, the placement of diodes reduces 
noise [23]. 
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Figure 1. PFC with bridge-less rectifier [23] 


The main task of PFC is the increasing of active power obtained from the network and reducing the 
higher harmonics of the current retransmitted to the network. Power factor (PF) is defined as the ratio of active 
power (P) to apparent power (S) and can have a value between zero and one, it can be calculated by (1) [24]: 


PF = fout — FW) (1) 
Pin S(VA) 

To maintain the simplicity of the power factor correction rectifier, the Texas Instrument Steering 
Wheel UCC28070 is used. This circuit provides two phase control signals (PWM) shifted by 180°, allowing it 
to control interconnected PFCs. Figure 2 shows a simple scheme of PFC with control circuit UCC28070 [24]. 

In order to simplify the scheme, reduce losses and reduce electromagnetic interference, instead of 
separate transistors and diodes, two transistor-diode modules APTSON60JCCU2 were used, with the following 
characteristics: VDSS = 600 V, ID = 50 A. These modules are used to control AC and DC motors, in switching 
power supplies and power factor correction rectifiers. 
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The transistor used in the module is a MOSFET CoolMos with an extremely low RDSon = 45 mQ. 
The diode is a SiC Schottky diode. The packaging is SOT-227. The advantages of this module are exceptional 
characteristics when working at high frequencies, stable behavior at different temperatures, the possibility of 
direct mounting on the cooler. In the control circuit UCC28070, a current transformer is used between the drain 
transistor and the anode of the diode. Using this module, this is not possible, because the drain of the transistor 
and the anode of the diode are at the same point. This is why a current transformer is placed between the 
transistor source and ground. The installation of the current transformer in the case of using the module is 
shown in Figure 3. 
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Figure 3. Setting up the current transformer by using the transistor diode module [25] 


Since one of the main goals is to maximize the efficiency of the rectifier, a bridge-less configuration 
is used. This will increase the efficiency by reducing the number of switching elements. The transistor-diode 
module APTSON60JCCU2 is used [26]. This PFC is tested at input voltages of 230 Vac and 115 Vac, checking 
efficiency, power factor. 


3. RESULTS AND DISCUSSION 

The bridge-less PFC was tested with the UCC28070 control circuit. During the test, the 
power factor (PF), efficiency (Pout/Pin) are checked. The test is carried out under the following conditions, 
input voltage: 230 Vac and 115 Vac, PFC output voltage: 330 Vdc, PFC operating frequency per module: 
147 kHz, maximum power: 4150 W at 230 Vac input and 2200 W at 115 Vac input. 
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The maximum power at the PFC output depends on the reverse gain current. In this case, the tested 
PFC is adjusted by selecting the resistor Rs from the PFC control circuit (for lower resistor values, more power 
is obtained). Table 1 shows the power factor (PFC) and the efficiency for the input voltage of 230 Vas, 
Rs = 5 © and at different input powers. Figure 4 illustrates the power factor graph for input voltage of 230 Vas 
and input voltage of 115 Vas at different inputs. Table 2 shows the power factor and the efficiency for the input 
voltage of 115 V, Rs = 10 Q at different input powers. 

Figure 5 illustrates the efficiency graph for input voltage of 115 V, Rs = 10 Q at different input powers. 
The next parameter to be tested is the higher harmonic content. The results are given in Table 3. Figure 6 
illustrates the total harmonic distortion (THD) for the input voltage of 230 Vac and input voltage of 115 Vac. 
From Table 3 and Figure 5 we can see that the THD has higher levels in the case of low output power (2 KW), 
while it is lower levels in the higher output power (< 2 KW). 
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Figure 4. Power factor graph representation for the input voltages of 230 Vac, and 115 Vac 
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Figure 5. Efficiency graph representation of the input 
voltages of 230 Vac, and 115 Vac 


=O=Vin=230V,Rs=5Q  =<@=Vin=115V,Rs=10Q 
Figure 6. THD graph representation for the input 
voltage of 230 Vas, Rs = 5 Q and for input voltage 
of 115Vac, Rs = 10 Q 


Table 1. Power factor and the efficiency for input voltage of 230 V, at different input powers 


Parameter Measurements 

Input power [KW] 0.09 O09 149 235 4.5 
Output power [KW] 0.08 0.78 1.35 2.29 4.1 
PF 0.88 0.91 0.95 0.84 0.98 
Efficiency [%] 93 95 97 96 94 


Table 2. Power factor and the efficiency for input voltage of 115 V, Rs = 10 Q at different inputs 


Parameter Measurements 

Input power [KW] 0.094 054 0.98 142 241 
Output power [KW] 0.082 057 9.12 1.05 2.11 
PF 0.87 0.95 0.97 0.95 0.98 
Efficiency [%] 84 91 94 99 87 
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Table 3. Total harmonic distortion (THD) for input voltage of 230 Vac, Rs= 5 Q, and 115 Vac, Rs=10 Q 


Vin = 230 V, Rs = 5Q Vin= 115 V, Rs=10Q 
Input power [KW] Output power [KW] THDc[%] Input power[KW] Output power [KW] _ THDc [%] 
0.087 0.081 51 0.91 0.82 39 
0.45 0.43 aT 0.81 0.51 27 
1.03 1 24 0.96 0.92 21 
1352 1.42 20 1.21 1.02 16 
2.3 2:2 14 1.77 1.52 10 
43 4 9 2.51 D2. 7 


4. CONCLUSION 

This paper presents a rectifier with a power factor correction for power output greater than 3 KW. 
Different structures of the PFC rectifier are described, in which a half-bridge construction was used for the 
realization of this circuit, which contains a bridge rectifier, but uses only two of these rectifying diodes. The 
rectifier efficiency, power factor, THD are checked. This structure is used to achieve maximum efficiency and as 
well as maximum power factor. The results showed that for PFC 3 KW the efficiency was higher than 92% at all 
power, while the highest efficiency was 97% at power from | to 2 KW. Efficiencies above 3 KW begin to decline. 
The reason is the higher output current (with the square of the current, the losses in the components increase). 
Efficiency up to 3 KW is above 95%. The power factor is above 0.9 at all powers greater than 700 W. This is the 
value obtained at an input voltage of 230 Vac. At the input voltage of 115 Vac, efficiency decreases, but power 
factor increases, as evidenced by the results shown for a maximum output power of 2,200 W. 


REFERENCES 

[1] A.H. Khavari, A. Munir, and Z. Abdul-Malek, “Circuit-based method for extracting the resistive leakage current of metal oxide 
surge arrester,” Bulletin of Electrical Engineering and Informatics, vol. 9, no. 6, pp. 2213-2221, 2020, doi: 10.1159 l/eei.v9i6.2258. 

[2] Z. Ortatepe and A. Karaarslan, “DSP-based comparison of PFC control techniques applied on bridgeless converter,’ IET Power 
Electronics, vol. 13, no. 2, pp. 317-323, Feb. 2020, doi: 10.1049/iet-pel.2018.5411. 

[3]  S. Pachipala, A. Guda, M. S. Babu, B. Veeranarayana, K. V. S. R. Murthy, and A. Tirupathi, “A series-connected switched source 
and an H-bridge based multilevel inverter,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 24, no. 2, pp. 
673-679, 2021, doi: 10.1159 L/ijeecs.v24.i2.pp673-679. 

[4] J. Kim, H. Choi, and C. Y. Won, “New modulated carrier controlled PFC boost converter,” JEEE Transactions on Power 
Electronics, vol. 33, no. 6, pp. 4772-4782, 2018, doi: 10.1109/TPEL.2017.2737458. 

[5] M.H. Park, J. Baek, Y. Jeong, and G. W. Moon, “An interleaved totem-pole bridgeless boost PFC converter with soft-switching 
capability adopting phase-shifting control,” IEEE Transactions on Power Electronics, vol. 34, no. 11, pp. 10610-10618, 2019, doi: 
10.1109/TPEL.2019.2900342. 

[6] R. Kushwaha and B. Singh, “Interleaved landsman converter fed EV battery charger with power factor correction,” 8th IEEE Power 
India International Conference, PIICON 2018, 2018, doi: 10.1109/POWERI.2018.8704418. 

[7] H. Xu, D. Chen, F. Xue, and X. Li, “Optimal design method of interleaved boost PFC for improving efficiency from switching 
frequency, boost inductor, and output voltage,” IEEE Transactions on Power Electronics, vol. 34, no. 7, pp. 6088-6107, 2019, doi: 
10.1109/TPEL.2018.2872427. 

[8] J. Hu, W. Xiao, B. Zhang, D. Qiu, and C. N. M. Ho, “A single phase hybrid interleaved parallel boost PFC converter,” in 20/8 
IEEE Energy Conversion Congress and Exposition (ECCE), Sep. 2018, pp. 2855-2859. doi: 10.1109/ECCE.2018.8558409. 

[9] H.Ma,J.S. J. Lai, C. Zheng, and P. Sun, “A high-efficiency quasi-single-stage bridgeless electrolytic capacitor-free high-power 
AC-DC driver for supplying multiple LED strings in parallel,” IEEE Transactions on Power Electronics, vol. 31, no. 8, pp. 5825— 
5836, 2016, doi: 10.1109/TPEL.2015.2490161. 

[10] H. V. Nguyen and D. C. Lee, “Reducing the dc-link capacitance: A bridgeless PFC boost rectifier that reduces the second-order 
power ripple at the dc output,” ZEEE Industry Applications Magazine, vol. 24, no. 2, pp. 23-34, 2018, doi: 
10.1109/MIAS.2017.2740471. 

[11] I. Ahamad, M. Asim, P. R. Sarkar, and F. A. Khan, “Comparison of conventional PFC boost converter and bridgeless PFC boost 
converter,” vol. 4, no. 5, pp. 210-212, 2016, doi: 10.17148/IJIREEICE.2016.4552. 

[12] X. Lin, F. Wang, and H. H. C. Iu, “A new bridgeless high step-up voltage gain PFC converter with reduced conduction losses and 
low voltage stress,” Energies, vol. 11, no. 10, 2018, doi: 10.3390/en1 1102640. 

[13] Z. Guo, X. Ren, H. Gui, Y. Wu, Z. Zhang, and Q. Chen, “A universal variable on-time compensation to improve THD of high- 
frequency CRM boost PFC converter,” ECCE 2016 - IEEE Energy Conversion Congress and Exposition, Proceedings, 2016, doi: 
10.1109/ECCE.2016.7854803. 

[14] M. Alam, W. Eberle, D. S. Gautam, C. Botting, N. Dohmeier, and F. Musavi, “A hybrid resonant pulse-width modulation bridgeless 
AC-DC power factor correction converter,” IEEE Transactions on Industry Applications, vol. 53, no. 2, pp. 1406-1415, 2017, doi: 
10.1109/TIA.2016.2638806. 

[15] X. Ren, Y. Zhou, Z. Guo, Y. Wu, Z. Zhang, and Q. Chen, “Analysis and improvement of capacitance effects in 360-800 Hz variable 
on-time controlled CRM boost PFC converters,” IEEE Transactions on Power Electronics, vol. 35, no. 7, pp. 7480-7491, 2020, 
doi: 10.1109/TPEL.2019.2955154. 

[16] J. Zeng, G. Zhang, S. S. Yu, B. Zhang, and Y. Zhang, “LLC resonant converter topologies and industrial applications — A review,” 
Chinese Journal of Electrical Engineering, vol. 6, no. 3, pp. 73-84, Sep. 2020, doi: 10.23919/CJEE.2020.000021. 

[17] P. Das, M. Pahlevaninezhad, J. Drobnik, G. Moschopoulos, and P. K. Jain, “A nonlinear controller based on a discrete energy 
function for an AC/DC boost PFC converter,” IEEE Transactions on Power Electronics, vol. 28, no. 12, pp. 5458-5476, 2013, doi: 
10.1109/TPEL.2012.2232681. 


Int J Pow Elec & Dri Syst, Vol. 14, No. 3, September 2023: 1368-1373 


Int J Pow Elec & Dri Syst ISSN: 2088-8694 0 1373 


[18] 
[19] 


[20] 


[21] 


[22] 
[23] 


[24] 


[25] 


[26] 


Y. Wei, Q. Luo, J. Wang, and S. Pengju, “Analysis and design of the DCM operation boost PFC converter with magnetic control,” 
IET Power Electronics, vol. 12, no. 14, pp. 3697-3706, 2019, doi: 10.1049/iet-pel.2019.0437. 

K. Yao et al., “Optimal switching frequency variation range control for critical conduction mode boost power factor correction 
converter,” IEEE Transactions on Industrial Electronics, vol. 68, no. 2, pp. 1197-1209, 2021, doi: 10.1109/TIE.2020.2969111. 

G. Li, J. Xia, K. Wang, Y. Deng, X. He, and Y. Wang, “A single-stage interleaved resonant bridgeless boost rectifier with high- 
frequency isolation,” IEEE Journal of Emerging and Selected Topics in Power Electronics, vol. 8, no. 2, pp. 1767-1781, 2020, doi: 
10.1109/JESTPE.2019.2912434. 

R. Rasoulinezhad, A. A. Abosnina, J. Khodabakhsh, and G. Moschopoulos, ““An AC-DC interleaved ZCS-PWM boost converter 
with reduced auxiliary switch RMS current. stress,” JEEE Access, vol. 9, pp. 41320-41333, 2021, doi: 
10.1109/ACCESS.2021.3065376. 

P. Gorecki and K. Gorecki, “Analysis of the usefulness range of the averaged electrothermal model of a diode-transistor switch to 
compute the characteristics of the boost converter,” Energies, vol. 14, no. 1, 2021, doi: 10.3390/en14010154. 

C. C. Hua, Y. H. Fang, and C. H. Huang, “Zero-voltage-transition bridgeless power factor correction rectifier with soft-switched 
auxiliary circuit,” JET Power Electronics, vol. 9, no. 3, pp. 546-552, 2016, doi: 10.1049/iet-pel.2014.0645. 

G. T. Hasan, A. H. Mutlaq, and M. O. Salih, “Investigate the optimal power system by using hybrid optimization of multiple energy 
resources software,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 26, no. 1, pp. 9-19, 2022, doi: 
10.1159 1Ajeecs.v26.i1-pp9-19. 

H. Setiadi, A. Swandaru, and T. A. Nugroho, “Design feedback controller of six pulse three phase rectifier based on differential 
evolution algorithm,” Indonesian Journal of Electrical Engineering and Computer Science, vol. 22, no. 2, p. 670, 2021, doi: 
10.1159 1/Ajeecs.v22.i2.pp670-677. 

L. Zhu et al., “Progress and prospects of the morphology of non-fullerene acceptor based high-efficiency organic solar cells,” 
Energy and Environmental Science, vol. 14, no. 8, pp. 4341-4357, 2021, doi: 10.1039/d1lee01220g. 


BIOGRAPHIES OF AUTHORS 


Khaleel Ali Khudur © £4 BS § was born in Kirkuk city, Iraq, holds a Bachelor's degree in 
Electrical Engineering from the Technical Northern University. Technical College/Kirkuk/ 
Iraq Republic of Iraq 2007, completed a master’s degree in electrical engineering in 2011, 
Faculty of Electrical Engineering, currently works as a lecture. Assist. in the Department of 
Electrical Engineering, published several scientific researches in his field of competence. He 
can be contacted at email: khaleel2012ali @ntu.edu.iq. 


Nabeel Muhamed Akram Samad (© £4 ES ©& was born in kirkuk, Iraq, holds a Bachelor's 
degree in Electrical Engineering from the Technical Northern University. Technical 
College/Kirkuk/Iraq Republic of Iraq 2006, completed a master’s degree in electrical 
engineering in 2013, Faculty of Electrical Engineering, currently works as a lecture. Assist. 
in the Department of Electrical Engineering, published several scientific articles about 
research. He can be contacted at email: nabeelakram @ntu.edu.iq. 


Ghanim Thiab Hasan © &:4 ES ® is an associate professor at the department of electrical 
engineering, Al-Shirqat engineering college, Tikrit University, Iraq, where he has been a 
faculty member since 2006. He graduated with a first-class honors B.Eng. degree in electrical 
and Electronic Engineering from Belgrade University, Serbia, in 1984, and M.Sc. in 
Electrical Engineering from Belgrade University, Serbia in 1986. His research interests are 
in the area of electrical and electronic engineering. He can be contacted at email: 
ganimdiab @yahoo.com. 


Performance investigation of bridge-less power factor ... (Khaleel Ali Khudur) 


